








Supervisor Professor Toshihide Arimura
This dissertation is a collection of three empirical papers about critical environmental issues
in developing countries, particularly focusing on willingness to pay for water, indoor air
pollution and electricity provision in Bhutan.
In the second chapter, formal Sewer System
(co-authored with Kuenzang Tshering), I examine the household willingness to
pay for piped drinking water and sewage connection using 2012 Bhutan Living Standard
Survey (BLSS 2012) data. While there are many studies on household willingness to pay for
water in the context of developing countries, household willingness to pay for sewage is still
unclear in the literature. In developing countries like Bhutan, water shortage and lack of
sanitation services are not uncommon despite low per capita water consumption and
abundant sources of fresh water. The lack of proper water and sanitation infrastructure in
addition to the inability to maintain and operate existing facilities are reasons for water
shortages and poor sanitation services in Bhutan, particularly in the capital city of Thimphu.
This problem is closely associated with the low financial capacity and limited revenue that
municipalities are generating from their services. At the same time, all municipal offices are
still relying on government subsidies for building and maintaining urban amenities in Bhutan
due to insufficient revenue from water and sanitation services. Therefore, a good
î
understanding of how much households are willing to pay for water and sanitation services
may allow policy makers to make informed investment decisions and may also allow for an
accurate determination of tariffs for piped water and sewage connection. Such information
may also be critical if the government wishes to establish contractual agreements with
private sectors for these services. Using the hedonic pricing method by exploiting the
variation in monthly house rent with and without water and sewage connection, this study
estimates household willingness to pay for water and sanitation services. However, the
location of household residence may be correlated with unobservable, such as economic
opportunity or preferences for better urban amenities. To overcome such econometric issues,
I employ the Heckman twostep procedure using individual characteristics as instruments in
the first stage regression. The results show that, on average, Thimphu households are willing
to pay Nu 452 (USD 7) and Nu 124 (USD 2) per month for water and sewage connection,
which is equivalent to 8% and 2% of their monthly household expenditure respectively. Thus,
households are willing to pay significantly more than the current joint charge of Nu 78 per
month for piped water and sewage connection. There is also scope for municipal offices in
Bhutan to increase their revenues to cover potential investment, maintenance and operational
costs associated with water and sewage services.
[Published Reference: Dendup, Ngawang, and Kuenzang Tshering. "Demand for piped
drinking water and a formal sewer system in Bhutan." Environmental Economics and Policy
Studies 20.3 (2018): 681-703.]
In the third chapter
(co-authored with Professor Toshi H. Arimura), I study one of the most critical
environmental health problems in developing countries, i.e. the problem of indoor air
pollution (IAP) using the same BLSS 2012 rural subsample data from Bhutan. The problem
of IAP has existed for a long period of time in developing countries especially in South Asia,
Sub-Saharan Africa and South America. The IAP had also been responsible for numerous
í
health problems and premature deaths. The problem of IAP in developing countries is
primarily caused by the combustion of solid fuel such as firewood, cow dung and crop
residue for cooking and heating with traditional cookstoves. The government of Bhutan has
initiated various interventions such as improving access to clean fuel (e.g. gas and
electricity) and distributing improved cookstoves with features to direct the smoke out of the
kitchen. Despite such interventions, reports suggest that Bhutan (and other developing
countries) still suffer from the problems of IAP. The available literature points out numerous
reasons for the existence of IAP-related problems in developing countries including
economic, social and cultural factors. One of the reasons for the persistence of the IAP is that
households in developing countries do not perceive indoor air pollution as a health hazard.
Therefore, one of the possible explanations for inefficient household decisions regarding the
adoption of cooking fuel may be due to the information gap. There are many evidences from
both field experiments and observational studies showing that an agent responds to
information. However, in the literature on IAP and fuel adoption, the effect of information
disseminated through television on the adoption of clean cooking fuel is not understood. In
Bhutan, the problems of IAP, health benefits of adopting clean fuel and its benefits on
conservation were covered by national television channels. Thus, using the availability of
television cable service providers in the community as the instrument for television
ownership, I examine how households respond to information disseminated through
television and its effect on the adoption of clean fuel. The results show that households that
have access to information are approximately 39 percent more likely to adopt clean cooking
fuel. Similarly, households are 49 percent less likely to adopt dirty fuel (i.e. firewood) when
exposed to information. Other factors such as education, electricity supply, access to
liquidity and distance to the market are important factors that contribute to adopting clean
cooking fuel. The results also show that the effect of information varies depending on the
ì
level of education of the recipients, thus highlighting the importance of accounting for the
level of education when designing information interventions.
[Published Reference: Dendup, Ngawang, and Toshi H. Arimura. "Information leverage: The
adoption of clean cooking fuel in Bhutan." Energy Policy 125 (2019): 181-195.]
In my fourth chapter,
I discuss the forest conservation issues in
developing countries focusing on Bhutan. I examine how electricity provision helps in the
conservation of forest through reduction in firewood consumption and sheds light on the
mechanisms of such causal effect, which is rarely examine in the electricity impact literature.
I use three waves of rural subsamples from BLSS conducted in 2007, 2012 and 2017. While
electricity has the potential to affect various household outcomes, I focus on the mechanism
of firewood conservation through change in household technology. I argue that in order for
firewood consumption to reduce through changes in household technology, electricity
provision must influence households to switch from traditional cooking and lighting fuel to
electricity. At the same time, electricity provision must induce households to adopt basic
cooking electrical appliances (e.g. rice cooker and refrigerator). However, who gets
electricity provision depends on the cost of building infrastructure and a political importance
of the community. I address this issue by using an instrumental variables strategy by using
distance from the electricity substation and proximity to powerplants as instruments. The
results show that electrified households consume less firewood by about 1.36 cubic meters
per month. In addition, the findings indicate that households make substantial adjustments in
terms of adopting cooking and lighting fuel. The electrified households are about 63 percent
more likely to adopt electricity for cooking and about 36 percent less likely to use firewood.
Similarly, households are about 41 percent less likely to use kerosene as lighting fuel and are
about 87 percent more likely to use electricity. In addition, the likelihood of adopting basic
ë
electrical appliances such as rice and refrigerators increases by about 20 and 24 percent
respectively. This evidence suggests that electricity provision has the potential to influence
household technology and that the reduction of firewood consumption is potentially
operating through change in household technology.
[Published Reference: Not Published]
